Background: The Trendelenburg position has been suggested for right internal jugular vein (RIJV) catheterization. However, this position can sometimes be functionally intolerable for chronic kidney disease patients. We conducted an ultrasound study to further investigate the efficacy of the use of the Trendelenburg position during tunneled dialysis catheter insertion via the RIJV in chronic kidney disease patients. Methods: We recruited into our study patients without a history of prior tunneled dialysis catheter insertion or neck surgery. Those patients with stenosis or thrombus in the RIJV were excluded. Serial ultrasound images were acquired with patients in the supine position, with the head rotated 30
Introduction
Venous access is one of the most important issues for patients with chronic kidney disease (CKD).
1e3 A tunneled dialysis catheter (TDC) is used for immediate access for hemodialysis or as a transitional bridge for hemodialysis before a long-term arteriovenous fistula is available. 1e7 The Trendelenburg position has been recommended as a favorable position for venipuncture of internal jugular vein (IJV) and insertion of central venous catheter. 1,8e13 The perceived benefits include an increase in venous return, hence enlargement of the IJV, and prevention of air embolism entrance during the procedure. 1,8e13 From our experience, using real-time ultrasound-guided venipuncture and antegrade tunneling technique via the right IJV (RIJV) for step-tip catheters, 1, 6 we have found that the diameter and cross-sectional area (CSA) increase of the RIJV in the Trendelenburg position appears questionable in CKD patients. Moreover, this position is sometimes not feasible for use by debilitated CKD patients who are often old, and is associated with conditions such as congestive heart failure (CHF) and pulmonary edema. Additionally, most tables in interventional suits with fluoroscopy cannot create the Trendelenburg position.
The aim of this study was to challenge the traditional concept regarding the use of the Trendelenburg position during TDC insertion via the RIJV in CKD patients. We hypothesized that the Trendelenburg position would not increase the diameter and CSA of the RIJV in dialysis patients. To test our hypothesis, an ultrasound image study was conducted to compare the diameter and CSA of the RIJV in supine and the Trendelenburg positions.
Methods
This study was approved by the institutional review board, and written informed consent was obtained from all participants. Both dialysis patients and healthy volunteers without a history of prior TDC insertion or neck surgery were enrolled in this study. A two-dimensional linear array probe (8L-RS; GE Healthcare, London, United Kingdom) was used to obtain ultrasound images of the RIJV of the participants (Vivid e; GE Healthcare). The probe was held perpendicular to the skin over the RIJV at the level of the cricoid cartilage in the transverse axis. Individuals with a stenotic or thrombosed RIJV, as indicated by ultrasound upon examination, were excluded from this study. All ultrasound images were obtained by one senior anesthesiologist in order to maintain consistency. The images were stored on a digitized disk for digital computer processing and subsequent analysis by another independent investigator blinded to the study groups.
The following sequence of positions was used: Stage 0, table flat (no tilt), with the participant in the supine position and the head rotated 30 to the left; Stage T, Trendelenburg tilt of table  with the individual in the supine position and the head rotated  30 to the left. The following measurements were obtained: the transverse lateral diameter of the RIJV, the anteroposterior (AP) diameter of the RIJV, and the CSA. We supposed that the shape of the RIJV may change according to the extensibility of the RIJV and the preload condition. The AP/lateral diameter ratio was taken to represent the shape of the RIJV. Demographic data of the studied patients were also collected.
Parametrical data are presented as the mean with standard deviation, and categorical data are expressed as count with percentage. The independent t-test was used to compare patients' characteristics, diameter changes, and CSA changes in the two groups. The paired t-test was used to compare the diameters and CSA changes between the supine and the Trendelenburg position in both groups. Any p value <0.05 was considered statistically significant. All statistical analyses were carried out using SPSS version 17.0 for Windows (SPSS Inc., Chicago, IL, USA).
Results
In total, 50 dialysis patients and 40 healthy volunteers were enrolled in our study. No stenosis or thrombus was noted in the RIJV during patient examinations in either group. There were no significant differences in the demographic data between the two groups, with the exception of age. The healthy volunteers were younger than dialysis patients ( Serial ultrasound images of one representative patient in each of the dialysis and healthy volunteer groups are shown in Figs. 1 and 2 . The differences in AP diameter, lateral diameter, and AP/lateral diameter ratio between the dialysis patients and healthy volunteers, whether in the supine or Trendelenburg position, did not reach a significant level. However, there were significant variations in the RIJV CSA between the supine and the Trendelenburg position for the dialysis patients and healthy volunteers. CSA changes for the dialysis patients and healthy volunteers were 0.06 (0.25) and 0.32 (0.36), respectively (Table 1 and Fig. 3 ). Table 1 compares the effect of position change within the dialysis and healthy volunteer groups. The Trendelenburg position exerted significant effects on the AP diameter, lateral diameter, and area change in the healthy volunteers. In contrast, the Trendelenburg position did not affect the measurements of the RIJV in the dialysis patients (Fig. 4 ).
Discussion
Central TDCs are important to CKD patients. The low infection and thrombosis rates 1e4,6,14e17 render IJVs the preferred choice for TDCs. Use of the RIJV is more favorable than the left IJV because of its direct route to the superior vena cava, its position being far from pleura, and the absence of a thoracic duct in the right side of the chest. 1e6 The ideal patient position for RIJV catheterization has been well established and documented as the Trendelenburg position with a head rotation of 30e45 to the left. 1,8e14,17e19 Nevertheless, the Trendelenburg position is sometimes difficult to achieve for dialysis patients while placing TDCs. By using ultrasound image study, we demonstrated that the Trendelenburg position may not increase the size of RIJV in dialysis patients.
In our study, the AP diameter, lateral diameter, and AP/ lateral diameter ratio were similar for both the supine and Trendelenburg position between dialysis patients and healthy volunteers. The calculated CSA of the RIJV was significantly greater in healthy volunteers than in dialysis patients in the Trendelenburg position but not in the supine position. A statistically significant CSA change after alteration of position was noted only in healthy volunteers. The desirable effect of the increase in CSA under the Trendelenburg position was not observed in our study in dialysis patients. Moreover, data from dialysis patients further demonstrated that there was not much change in the AP diameter, lateral diameter, AP/lateral diameter ratio, or CSA using the different positions (Table 1 and Fig. 4) . Placing CKD patients in the Trendelenburg position for TDC insertion is no longer logical or supportable.
Physiologic effects associated with the Trendelenburg position have been studied in healthy volunteers. 8,9,11e13,20,21 The Trendelenburg position acts as an autotransfusion and causes an increase in the RIJV CSA, left ventricular end-diastolic volume, and cardiac output. However, these changes return to baseline 10 minutes after equilibrium by autoregulation. 20, 21 Lung volume and airway closure related to assumption of the Trendelenburg position had been investigated by Craig et al. 22 in 10 healthy There is an ultrasound study that provides evidence that the diameter of IJV increases about 20% when distended by 15 in a head-down position. 23 Neither age nor sex of the participant influenced the positional distensibility of the veins examined. In other words, IJVs distend in the head-down position in healthy people of all ages. The dialysis patients in our study did not show any IJV distension when placed in the Trendelenburg position. Another study performed by Chung et al 24 in Taiwan used ultrasound to measure the hemodynamic parameters of IJVs in 349 healthy individuals ranging in age from 16 to 89 years. All data were collected in the head-straight and supine position. Their results revealed that the luminal area of both right and left IJVs increases significantly with aging. The elderly dialysis patients in our study, however, had similar CSAs as young healthy volunteers in supine position, which was inconsistent with Chung et al's result. However, it may be that cardiovascular dysfunction may account for the above findings in our dialysis patients. Abnormal endothelial function and circulating renal toxins in CKD patients lead to increased atherosclerosis, arterial stiffness, vascular calcification, abnormal vascular repair, and neointimal hyperplasia. 25, 26 Further study measuring the venous flow velocity, compressibility, degree of calcification or atherosclerosis, and existence of venous reflux will be required to clarify vascular dysfunction as the cause.
In our study, the AP diameter, lateral diameter, and AP/lateral diameter ratio were similar for both the supine and Trendelenburg positions between the dialysis patients and healthy volunteers. The calculated CSA of the RIJV was significantly greater in healthy volunteers than in dialysis patients in the Trendelenburg position, but not in the supine position. A statistically significant CSA change after alteration of position was noted only in healthy volunteers. The desirable effect of an increase in CSA under the Trendelenburg position was not observed in our study in dialysis patients. Besides, data from dialysis patients further demonstrated that there was not much change in the AP diameter, lateral diameter, AP/lateral diameter ratio, or CSA under the different positions (Table 1 and Fig. 4) . Consequently, placing CKD patients in the Trendelenburg position for TDC insertion is no longer rational or medically supportable. In the alternative, the use of fluoroscopic tables that remain flat for CKD patients and for TDC insertion is an acceptable solution. Fig. 3 . Box plots of the cross-sectional area and anteroposterior over lateral diameter ratio of the right internal jugular vein. The box plots show the median and interquartile ranges with Whiskers to the 1.5 interquartile range and outlier data for the cross-sectional area and anteroposterior over lateral diameter ratio of the right internal jugular vein in the supine and Trendelenburg position of (A) the dialysis patients and (B) the healthy volunteers. **p < 0.001. Fig. 4 . Box plots of the cross-sectional area and anteroposterior over lateral diameter ratio of the right internal jugular vein of the dialysis patients and healthy volunteers. The box plots show the median and interquartile ranges with Whiskers to the 1.5 interquartile range and outlier data for the crosssectional area and anteroposterior over lateral diameter ratio of the right internal jugular vein of the dialysis patients and healthy volunteers. **p < 0.001.
The high prevalence of cardiovascular disease in CKD patients is well documented.
27e30 Anemia, left ventricular hypertrophy, CHF, diastolic dysfunction, and vascular dysfunction are all characteristic manifestations. 27e30 We infer that both systolic and diastolic dysfunction of the heart in CKD patients may lead to maximum engorgement of the RIJV in the supine position. Jugular venous distention is one of the most frequent signs in established CHF patients because of the decrease in venous return related to poor ventricular contractility. However, the statistically similar parameters of the RIJV (diameters and CSA) between the dialysis patients and healthy volunteers in the supine position in our study did not support this proposition. We then considered that, besides the diseased heart, vascular dysfunction in CKD patients may also play a role in limiting the degree of enlargement of the RIJV related to position change.
We reviewed the data related to heart function in the dialysis patient group. Twenty-five of 50 dialysis patients underwent left and right ventricular ejection fraction plus wall motion (first pass radionuclide angiocardiography) examination. Twenty-one out of 50 dialysis patients underwent transthoracic echocardiography before the study date. The preliminary data revealed that less than half of the dialysis patients had poor ventricular systolic dysfunction (ejection fraction <50%), regardless of whether the left or right ventricle was involved. Moreover, the other half of the dialysis patients did not undergo extra heart function evaluation, which might imply that they did not have an underlying CHF. Therefore, we could not explain the loss of RIJV enlargement in the Trendelenburg position solely by the hypothesis of an increase in intra-atrial pressure and reduction in venous return on account of poor systolic function. Future study regarding the relationship between systolic function and RIJV distention can be conducted. More evidence is needed to unscramble the relationship between the cardiac systolic function and the loss of RIJV distensibility in CKD patients in Trendelenburg position.
Isolated diastolic dysfunction or combined systolic dysfunction may induce or contribute to the decrease in venous return and sustained engorgement of the IJVs. Of the 21 patients with transthoracic echocardiography data, 18 were diagnosed with left ventricular diastolic dysfunction (15 mild: impaired relaxation; 2 moderate: pseudonormalization; 1 severe: restrictive diastolic dysfunction). From the preliminary data, we found that the majority of the dialysis patients who underwent echocardiography had left ventricular diastolic dysfunction, regardless of systolic function. The decreased elasticity caused by cardiac fibrosis is the probable reason for the early diastolic dysfunction. As mentioned above, the diastolic function was investigated by echocardiography, focusing on the left ventricle. According to the rudimentary data, we tentatively suggest that diastolic dysfunction is the likely reason for the induction of maximum distention of the RIJV. Future investigations should include explicit studies to disclose the influence of the right ventricle on RIJV engorgement.
The fluid status of CKD patients can change at the kilogram level before and after hemodialysis. The volemic status of dialysis patients plays an important role in the condition of the IJV. Unfortunately, we did not strictly regulate the time from the last hemodialysis before TDC insertion. There was some bias in the correlation of fluid status with the change in diameters and CSA change in the RIJV in dialysis patients. Therefore, further study may be needed. Other limitations of our study include the lack of Doppler analysis of venous flow velocity and the vein compression test. The IJV may be less compressible in the Trendelenburg position without a change in CSA, and a consistent IJV texture is more desirable for central venous catheterization than a flaccid vein.
In conclusion, by studying the ultrasound image of patient RIJV, we came to the understanding that the Trendelenburg position does not change the diameters and CSA of the RIJV in dialysis patients. The use of the Trendelenburg position for TDC insertion may not be appropriate and should not be encouraged, although it is currently widely used for central venous catheterization in normal and dialysis patients.
